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INtroDUCtIoN
Labor refers to the onset of effective uterine contractions leading to progressive effacement and dilation of cervix, resulting in expulsion of fetus, placenta, and membranes.
It rests on the statistical fact that the average duration of pregnancy in women is 40 weeks or 280 days. In about 60% of cases, patients delivered within a week in either direction and in 80% cases between 38 and 41 weeks. The date of onset of labor cannot be predicted with accuracy by any specific method. Attempts to define the exact time of onset of labor have led to much discussions and controversies.
The uterine activity gradually increases and becomes more coordinated during last weeks of pregnancy. Prelabor changes that start a few weeks before the actual commencement of labor are significant to predict the onset of labor.
While the exact cause and the mechanism for the onset of labor 1 are not known, the principle factors in
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• Mechanical factor • Prostaglandins.
It is a combination of abovementioned factors that results in onset of labor. The whole process is gradual, slowly developing in late pregnancy rather than sudden onset of activity. The cervix gets ready to allow passage of products of conception and simultaneously myometrium gets prepared to begin effective uterine contraction to expel the same.
The prediction of onset of labor plays an important role in deciding management protocol for patients with premature rupture of membrane and other conditions requiring termination of pregnancy, particularly with preterm patients. To solve this problem, parameters, such as vaginal cytology, serum progesterone and estradiol levels, relaxin, fetal fibronectin, IGFBP-1, and cytokines in cervical secretions have been studied.
Presently, various theories that predict the onset of labor include:
• C19 steroids which are transported in the fetal blood to placenta 2 • Progesterone withdrawal (McDonald and Nathanielsy 1991) 3 • Rise in levels of estrogen in pregnancy • Prostaglandins
4,5
• CRH
6
• Interaction of brain pituitary adrenal glands 7 • Relaxin An effort to describe how the onset of labor starts, brings together number of changes taking place in fetus, placenta, placental membrane, decidua, myometrium, and cervix. 8 With respect to estrogen and its metabolites evidence has been accumulated that estriol excretion continues to rise from the 7th week of gestation through delivery 8,9 and does not change the day before, on the day of, or during delivery.
10-13
Analyses of progesterone and its metabolites reveal that plasma pregnandiol gradually rises throughout gestation and does not drop until after delivery.
14-16
The cytokines, such as interleukin (IL)-1, IL-6, IL-8, and fetal fibronectin 18, 19 are involved in cervical ripening and initiation of labor. Produced in choriodecidual space, fetal fibronectin leaks into cervix and vagina, becomes detectable in usually 1 to 2 weeks before the onset of labor. Insulin-like growth factor binding protein 1 (IGFBP-1) 20,21 is a protein synthesized by maternal decidua. Its concentration increases during pregnancy in maternal circulation.
Conditions of cervix (cervical ripening) can be predicted by Bishop score. Cervical ripening is influenced by prostaglandin E-2. 22 The markers and tests utilized are expensive and do not reliably predict labor many times.
The increasing levels of hormones after conception bring about changes in vaginal epithelium. They can be detected by examination of vaginal smears which reveals intermediate cell clusters and navicular cells. This cytological pattern changes suddenly at the end of pregnancy due to drop in hormonal levels. This pattern brings about spontaneous labor within 5 days.
23-25
Endocrine interpretation of vaginal smear becomes first line of attack for the clinicians, as it is inexpensive and fast. Using cytologic methods, a change in end organ has been postulated by a large number of authors. 26, 27 Vaginal cytology is a simple and inexpensive parameter. During pregnancy, vaginal cytology reflects changes in estrogen and progesterone. Changes due to these hormones are proliferation of vaginal epithelium, particularly intermediate layer, desquamation of large number of squamous cells. The finding, increased number of cells from superficial layer, is suggestive of diminished estrogen activity few days prior to labor.
The term "navicular cell of pregnancy" was coined by Papanicolaou. 28 In 1933 the term "navicular cell" was used and it was felt to be diagnostic for presence of a pregnancy.
29
The 3rd trimester smear is composed of numerous clusters of navicular cells and these are mature folded intermediate cells.
30-32
The onset of labor can also be predicted by condition of cervix by Bishop score.
Bishop score, also Bishop's score, also known as Cervix score is a prelabor scoring system to assist in predicting whether induction of labor will be required. 33 It has also been used to assess the odds of spontaneous preterm delivery. 34 In the 1960s, Edward Bishop, MD, developed a fivecomponent point-based scoring system to determine the possibility of an uncomplicated pregnancy at term with a successful vaginal delivery. The Bishop score does not relate to the length of the labor, or the ease or difficulty of the labor and delivery of the baby. It only relates to the potential success or failure of a vaginal delivery outcome. OG-6 is a monochromatic stain and EA-50 is a polychromatic stain.
Parameters of Bishop Score

Steps of Papanicolaou Method
• Slide was immersed in 95% ethanol for 15 minutes The patient's vaginal smear for cytology and repeat Bishop score was taken every 24 hours, till the onset of labor which was defined as occurrence of regular, painful uterine contractions resulting in progressive cervical effacement and dilatation. Date and time of onset of labor was noted.
reSUltS
Age
The maximum number of subjects are seen in the age category 18 to 24 and minimum number of subjects were seen in the category 25 to 31. The mean age of all the subjects is 25.20 years with standard deviation of 3.58. Surprisingly, the published discussion of the cytologic appearance of smears from pregnant women has been quite limited and references are not available for last many years. Nowadays biochemical markers like fetal fibronectin and IGFBP-1 are emphasized and extensively studied, though they are expensive and mostly of little value in low resource settings. Considerable emphasis has not been devoted to cytology in pregnancy, though it is economical and of great importance and can be easily used in low resource settings and serve the masses. Keeping this in mind, the present study was done to study vaginal cytology, and Bishop score as predictors of onset of labor.
MAterIAlS AND MetHoDS
This study was conducted at the Department of Obstetrics and Gynecology in Subharti Medical College and associated Chatrapati Shivaji Hospital, Meerut, over a period of 2 years from September 2012 to July 2014.
Study Design: Prospective Study
All antenatal patients admitted to Department of Obstetrics and Gynecology in Subharti Medical College, who were term or at risk of preterm delivery [such as those presenting with preterm premature rupture of membranes (PPROM) or with warning signs for preterm labor], were enrolled as the study subject. Patients who were already in established labor or subjected to elective cesarean section were excluded from the study.
Each subject was explained about the nature of study in their own language and informed written consent was taken. The women's detailed history, including age, parity, obstetric history, medical history was documented and general physical and obstetrical examination was performed.
Parity
Most of the women were primi gravida (44.4%). Thirteen percent participants were gravida four or more.
Gestational Age
Graph 1 denotes that most of the women were between 38 and 39 gestational age group (68%).
Comparison of Superficial Cells in Pap Smears (Prelabor and at onset of labor) (n = 142)
There is significant increase in the mean superficial cells in onset of labor group in comparison to prelabor group (p < 0.001) ( Table 1 ). The difference of superficial cells (prelabor and at onset of labor) is shown by bar diagram (Graph 2).
Comparison of Intermediate Cells in Pap Smear (Prelabor and at onset of labor) (n = 142)
The significant decrease in mean intermediate cell was observed in vaginal smear taken at onset of labor (p < 0.001) ( Table 2) . It is obvious from the bar diagram shown below that the height of bar is just half in case of intermediate cells at onset of labor in comparison to bar of pre labor (Graph 3).
Comparison of Clusters in Pap Smears (Prelabor and at onset of labor) (n = 142)
The comparison of clusters from prelabor slides to onset of labor is shown in Table 3 . The decrease in number of clusters at onset of labor was found statistically significant (p < 0.001) and is also shown in Graph 4. Comparison of Bishop Score during labor, Prelabor, and at onset of labor (n = 142) From Table 4 , one can see that mean Bishop score is increased at onset on labor from prelabor, and this increase in mean Bishop score was found statistically significant.
onset to Delivery time Interval (n = 142)
The number of days from onset to delivery time was also noted. Table 5 depicts that maximum number of subjects delivered in 1 to 2 days after onset of labor.
Correlation of onset of labor to Delivery time Interval to Different type of Cells at onset of labor in Pap Smear (n = 142)
In this study different types of cell were studied at onset of labor and relation between these calls to onset to delivery time interval was observed. The correlation of delivery time to the different types of cell at onset is shown in Table 6 . Further, it is noticed that delivery time is positively correlated with the number of intermediate cells (p = 0.02) and the number of clusters (p = 0.018). The correlation of these values for onset to delivery time interval was found to be statistically significant. The correlation between superficial cells and the onset to delivery time interval is inversely proportional (p = 0.25).
Correlation of onset to Delivery time Interval to Bishop Score at onset of labor (n = 142)
The correlation between onset to delivery time interval with the Bishop score was studied. Table 7 shows that onset to delivery time interval is strongly correlated with the Bishop score at onset of labor and it was found to be statistically significant (p = 0.018). It is concluded that as Bishop score increases, there is a decrease in the onset to delivery time interval. Table 8 shows that the duration of changes in vaginal cytology and Bishop score from prelabor to onset of labor within 2 to 4 days.
Duration of Changes in vaginal Cytology and Bishop Score from Prelabor to onset of labor
DISCUSSIoN
The vaginal smear obtained in pregnancy reflects the hormonal function of the placenta and its production of estrogen and progesterone. Both the clinical signs of impending labor and Naegele's rule give only an approximate estimate of date of confinement and are of little practical value in predicting when labor will occur. Several authors have indicated that the vaginal cytology is an accurate method of estimating when a pregnancy is at term and can be used to predict the onset of labor.
In this study vaginal cytology and Bishop score were studied to predict the onset of labor. This study included 142 antenatal patients and patient's vaginal smear for cytology and repeat Bishop score were taken every 24 hours, till the onset of labor. The average age of the subjects included in the study was 25 years. Most of the women were primigravida and maximum were between 38 and 39 weeks gestational age (68%). The comparison of superficial cells from prelabor and at onset of labor was done. It was observed that number of superficial cells are increased at onset of labor. There was slight increase in superficial cells with progress of pregnancy because at onset of labor, there is progesterone hormone withdrawal. The cytologic pattern changes prior to labor due to drop in hormone progesterone levels and the change represents abundance of superficial cells at onset of labor.
The result was compared with other studies and discussed as follows:
This finding correlated with the study of Aikat (1973) and Hammond (1965) that superficial cells increase at onset of labor can predict onset of labor. Similarly, the present study result correlates with study of Hammond.
Initially patients. In these studies, smears were taken few days prior to onset of labor and were observed. In the present study, smears were taken 24 hourly till onset of labor. Also, the difference of clusters in prelabor slides and at onset of labor slides was observed. It was found that there is decrease in number of clusters at onset of labor as compared to prelabor. The mean clusters at prelabor were 16 and 5 at onset of labor. In a study done at Royal Maternity Hospital, Belfast on 123 patients, the vaginal smears were clumped smears (cells arranged in clumps) in 38%, partly discrete (reduction in number and size of clusters) in 32% patients, and discrete (almost or completely depleted of cell clumps) in 28% patients. Lichtfus recorded at term changes in 97.3% patients. Study was done in 369 patients. Also, study done at Postgraduate Institute of Medical Education and Research, Chandigarh, at the onset of labor smears showed tiny clumps or discrete cell only. At term, with progesterone withdrawal there is appearance of relatively fewer sheets or clusters. Therefore, endocrine interpretation of vaginal smear can predict onset of labor and demonstrate change in cytologic smear obtained. The vaginal cytology is inexpensive, fast, and available on a repetitive basis.
Bishop score, a clinical parameter, was studied and its variability at prelabor and onset was also seen. Bishop score starts improving at onset of labor. A study done by Strobel et al 42 showed Bishop score can be used for Bishop score is also strongly correlated with the onset of labor to delivery time interval. It is concluded that as the Bishop score increases, there is decrease in onset to delivery time interval.
The change in cytologic pattern brought spontaneous labor within 5 days. 30, 39, 44 The average onset to delivery time interval in this study of 142 subjects was 2 to 3 days. Birtch in 1961 studied hormonal cytology in pregnancy. He obtained, before term smears in 53% patients, approaching term smears in 42% patients, and at term smears only in 5% of patients, out of 208 patients within 5 days of onset of labor. Lichtfus recorded "at term" changes in 97.3% and "prior to term" changes in 2.7% of patients within 5 days of spontaneous delivery in 369 patients.
Therefore, it is possible to predict the onset of labor by vaginal cytology when the smears show tiny clumps of intermediate cells. The vaginal cytology is a useful parameter for the prediction of onset of labor in pregnancy. Bishop score, a clinical parameter is also found to be useful in prediction of onset of labor (Tables 9 to 12 ).. Bishop score, a clinical parameter, also predicts onset of labor. At the onset of labor, Bishop score improves.
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